In this paper we analyze a non-linear mathematical model to study the dynamics of a fishery resource system in an aquatic environment that consists of two zones a free fishing zone and a reserve zone where fishing is strictly prohibited. An optimal harvesting policy is also discussed using the Pontryagin's maximal principle. Numerical and graphical simulations are also given to short analyze.
Introduction:
The excessive and unsustainable exploitation of our marine resources has led to the promotion of marine reserves as a fisheries management tool. The optimal management of renewable resources such as fishery and forestry is very important as they are directly linked to sustainable development. The growing need for more food and energy has led to increase in the exploitation of several biological resources.
Over the past three decades, mathematics has made a considerable impact as a tool to model and understand biological phenomena. Dubey et.al. [4] analyzed a dynamic model for a single species fishery which depends partially on a logistically growing resource in a two patch environment. They showed that both the equilibrium density of the fish population as well as the maximum sustainability yield increases as the resource biomass density increases. Further Kar et al. [5] modified the model proposed by Dubey et.al. [4] In the presence of predator, which seems to be more realistic? They discussed the local and global stability. The optimal harvesting policy has been discussed using Pontryagin maximal principle. Braza [3] analyzed a two predator, one prey model in which one predator interferes significantly with other. Kar et.al. [3] , in their paper, offer some mathematical analysis of the dynamics of a two prey. One predator system in the presence of a time delay. Sisodia et.al. [7] Proposed a generalized mathematical model to study the depletion of resources by two kinds of populations. Taha et.al. [8] studied the effect of time delay and harvesting on the dynamics of the predator prey model with a time delay in the growth rate of the prey equation.
Harsha et.al. [6] Studied the prey predator model with asymptotic nonhomogeneous predation. Kar [5] proposed and analyzed a non-linear mathematical model to study the dynamics of a fishery resource system in an aquatic environment that consists of two zones, a free fishing zone and a reserve zone where fishing is strictly prohibited. Biological equilibria of the system are obtained and criteria for global stability of the system derived. An optimal harvesting policy is also discussed using Pontryagin maximal principal. Numerical simulation is also given to support the analysis.
Description of the model:
We study a prey-predator system in a two patch environment one accessible to both prey and predators (patch 1) and the other one being a refuge for the prey (patch 2). Keeping these, in view, model becomes 
Here, x(t) and y(t) are the biomass densities of the prey species inside the unreserved and reserved areas, respectively, at time t. z(t) is the biomass density of predator species at time t. Migration rate from unreserved area to reserved area and reserved area to unreserved area are σ1 and σ2 respectively. The effort applied for harvesting the fish population in the unreserved area is E. The intrinsic growth rate of prey species side the unreserved and reserved patches are r and s respectively. The carrying capacities of prey species in the unreserved and reserved areas are K and L respectively. The maximal relative increase in predation is m, b and c the Michaelim-Menten constants, is the conversion factor.
Existence of Equilibria:
Equilibria of modal (2. 
Eliminating y in above equation (3.1), we get 
Substituting x we get y from (3.1) and to be positive we must have
thus 1 ( , ,0) P x y exist under the condition (3.3).
For the equilibrium If may be noted that z * to be positive, we must have
Dynamical Behavior of Equilibria:
The dynamical behavior of Equilibria can be studied by computing variation matrices corresponding to the each equilibrium. We note that the trivial equilibrium P0 is unstable 1 ( , ,0) P x y is locally asymptotically stable if 
1 0 
The 
By the theory of differential in equality by Birkhoff and Rota [2] , we have 
Therefore, 1 ( , ,0) P x y is globally asymptotically stable.
Optimal Harvesting Policy:
Our objective is to maximize the present value of J of a continuous-time stream of revenues given by 
Simulation:
For simulation let us take r Using the above parameters, the sensitivity analysis is performed to study the effect of predation on optimal solution. The following It can easily be observed the results are in full agreement to that of Harsh et.al [4] for b1= 0 and c1= 1 (for a =1). 
Conclusion:


We note that is independent of time is an optimal equilibrium. Hence they satisfy the transversality conditions at λi(t)e -δt ( i = 1,2,3) i.e., they remain bounded as t →∞.
The rate of change of economic revenue is called marginal revenue of the effort. The product of the discounting factor and the rate of change of economic revenue (i.e. the right hand side) give the present value of the marginal revenue of effort and left hand side is the total user's cost on harvest per unit of effort. Thus we conclude that the optimum. Equilibrium solutions are obtained when total user's cost equals the present value of marginal revenue of effort.
The net economic revenue pqx -c = 0 this implies an infinite discount rate leads to the net economic revenue to zero and hence the fishery would remain closed.
